The infl uence of using formic, oxalic, citric, tartaric, hydrochloric, nitric, sulphuric and phosphoric acid for dyebath pH adjustment was investigated upon the dyeing of polyester fabric with CI Disperse Yellow 60. The positions of colour in CIELab coordinates of the samples dyed with the addition of tested acids were assessed and compared to those dyed with the addition of acetic acid. It was found that the differences in dyeabilities obtained with the addition of citric, oxalic, hydrochloric, nitric and sulphuric acid are entirely acceptable according to both M&S 83A and CMC (2:1) standards in comparison to the dyeability obtained with the addition of acetic acid.
INTRODUCTION
Polyester fabrics are the most widely used synthetic fabrics due to their excellent textile properties and high chemical stability. Polyester fabrics hydrophobic nature and their highly compact structure 1, 2 causes their use asdisperse dyes, at high temperatures (usually in the range of 115-135 o C) and high pressure. Disperse dyes are essentially non -ionic , exhibit poor solubility in water and they can be used in the form of water dispersion 1, 3, 4 . The polyester fabric dyeing in water dyebath by the exhaustion process is carried out in a slightly acidic medium. Polyester fi bres are resistant to dilute aqueous acids and alkaline solutions and pH value does not provide a crucial impact on the dyeing mechanism; however, many disperse dyes undergo degradation if the pH is uncontrolled during aqueous dyeing. Some disperse dyes have hydrolysable groups in their molecules, such as the ester group which makes them particularly sensitive to hydrolysis, especially in alkaline medium 5 . The hydrolyzed form of dye could be of different shade and in some cases of different affi nity for polyester fi bres compare to unhydrolyzed dye. Thus, in order to minimize the possibility of dye hydrolysis, the dyeing is carried out in slightly acidic medium, usually in the pH range of 4.5-5.5
6 . According to literature data, acetic acid is generally used for adjusting the dyebath pH value, although a buffer system containing formic acid and ammonium sulfate is used as well 1, 3, 7, 8 . In this paper, the infl uence of formic, oxalic, citric, tartaric, hydrochloric, nitric, sulphuric and phosphoric acid for the dyebath pH adjustment was investigated upon the dyeing of polyester (100% PET) knitwear, dyed with the disperse dye CI Disperse Yellow 60 (p-Aminobenzoic acid, methyl ester→3-Methyl-1--phenyl-5-pyrazolone). Differences in colour between the dyed samples with the addition of tested acids and the one dyed with the addition of acetic acid were measured using the technique of refl ectiometry and expressed in CIELab coordinate values and K/S values. For each of the tested acids, difference in colour acceptability was determined comparing to the colour obtained with the addition of acetic acid, according to M&S 83A and CMC (2:1) standards.
EXPERIMENTAL
Polyester (100% PET) knitwear, produced by Nitex, Nis (Serbia) was used (Table 1) . A disperse dye, CI Disperse Yellow 60 (p-Aminobenzoic acid, Methyl ester → 3-Methyl-1-phenyl-5-pyrazolone) was purchased from Chemapol (Czech Republic) and used without further purifi cation.
Acetic acid (Sinex Laboratory) was used for pH value adjustment of the standard sample and the fallowing acids were used for the test samples: formic, citric, oxalic, tartaric, hydrochloric, nitric, sulphuric and phosphoric (all of them from Sinex Laboratory).
The polyester knitwear was scoured in a bath containing 1 g/L sodium carbonate, wetting agent and scouring agent (Jugopon 50) at 70°C for 30 min. After scouring, the knitwear was rinsed with cold water. The traces of the scouring liquor were neutralized upon the addition of 0.1 g/L acetic acid during the last rinsing circle. The degree of whiteness of prepared as described polyester knitwear was 62.80% according to C.I.E '82 system for the light source D65 and 79.20% according to Berger for the light source C2. (Fig. 1, Table 2 ).
Dyeing of polyester knitwear was carried out using an exhaustion process at high temperature and high pressure, with laboratory dyeing machine AHIBA TEXOMAT at a liquor -to -goods ratio of 30:1, in the dyebath containing disperse dye (concentration 2% o.w.f) and 1 g/L Kortamol NNO as a dispersing agent. The pH of the dyebath was adjusted to 4.5 at the beginning of dying process recommended by the producers of dyes for polyester knitwear (pH of 4.5 does not cause any degradation neither of fi bers nor dyes) using acetic acid for standard sample and formic, citric, oxalic, tartaric, hydrochloric, nitric, sulphuric and phosphoric acid for the polyesters knitwear with dispersive dyes. This problem was analyzed in details by Baig 9 . In order to investigate the infl uence of tested acids on the polyester knitwear, a series of undyed knitwear samples was prepared. The knitwear samples were treated in a bath containing one of the tested acids at pH 4.5 under the same bath conditions as described above, but this time without the presence of a dye in the bath. The bath contained 1 g/L Kortamol NNO (tenside), liquor-to-goods ratio was 30:1, the pH of the bath was 4.5 and it was adjusted the pH using acetic acid for the standard sample and one of the tested acids for the test samples. The treatment of the samples was carried out at 50°C for 40 min, and then at 135°C for 60 min, when the temperature was reduced to 90°C and the knitwear samples were washed with warm water (70°C) containing 1 g/L Jugopon 50, and rinsed in warm, then in cold water and dried at room temperature.
The refl ectance spectra of the dyed and undyed, but treated polyester knitwear samples were recorded with an UPDATE COLOR EYE 3000 spectrophotometer (ICS -TEXICON). For the dyed samples, they were expressed in terms of K/S values in the visible spectral range (λ = 400 -700 nm). The colour properties of the samples were expressed in terms of CIELab values. The CIELab coordinates were estimated applying the metric programme "Super Match 6 Supplement".
RESULTS AND DISCUSSION
The infl uence of tested acids on K/S values of the dyed polyester knitwear samples is shown in Figure 2 and 
test samples. Used volumes of acids for pH adjustment are given in Table 3 . The pH was measured using pH meter "RADIOME-TER Type PHM 29".
Instead of dyeing profi le, we think that the following detailed procedure is better in order to check reproductivity of our results. Dyeing began at the dyebath temperature of 50°C. The dyebath was held at this temperature for 40 min and afterwards, the dyebath temperature was raised to 135°C (it was our choice because the temperature range for dyeing systems under pressure is 125-140 o C) and at this temperature dyeing was carried out 60 min. After the dyeing process was fi nished, the temperature was reduced to 90°C and the knitwear samples were removed and washed out with warm water containing 1 g/L scouring agent (Jugopon 50) at 70°C. Then, the samples were rinsed in warm water, following by washing in cold water until neutral and dried at room temperature. Reduction clearing was performed according to the standard procedure of dying The color properties of the dyed knitwear samples, as expressed in terms of the CIELab system are listed in Table 3 , and the total colour differences (ΔE units), according to CIELab, M&S 83A and CMC (2:1) standard between the test samples and the standard sample are listed in Table 4 (Fig. 2, Fig. 3 , Table 4 , Table 5 ).
As can be seen from Table 5 , polyester knitwear dyed in CI Disperse Yellow 60 (concentration 2%) with the addition of citric, oxalic, hydrochloric, nitric, sulphuric Table 4 . CIELab coordinates of the polyester knitwear dyed with CI Disperse Yellow 60 and some acids and phosphoric acid produces dyeabilities in a daylight (D65) which are completely acceptable according to M&S 83A standard (tolerance limits are 1.2-1.5) and CMC (2:1) standard (tolerance limit is 1.4) compared to the standard sample, dyed with the addition of acetic acid. Dyeability obtained with the addition of formic acid is within the tolerance limit according to M&S 83A standard and acceptable according to CMC (2:1) standard. The lowest colour difference (ΔE units) in comparison to the standard sample was obtained with the addition of phosphoric acid and the highest was achieved with the addition of tartaric acid (they cause changes in structures owing to formation of oligomers-changes of polyesters knitwear as a substrate caused by the different anions of used acids); this colour difference is not acceptable either according to M&S 83A, or CMC (2:1) standard. The total colour differences between the standard sample and the test samples are very small and they are results of the slight differences in values of hue angle from 0° to 360° (ΔH), chroma (ΔC) and lightness (ΔL) of the standard and test samples.
According to data given in Table 5 , the values of ΔH were positive and the values of ΔC were negative for all the test samples comparing to standard sample, while ΔL values were positive for samples dyed with the addition of formic and oxalic acid, and negative for citric, tartaric, hydrochloric, nitric, sulphuric and phosphoric acid compared to the standard sample (according to both CIELab and CMC (2:1) system). This means that for all tested acids, the colour hues of CI Disperse Yellow 60 on polyester knitwear were slightly shifted to greenish according to both CIELab and CMC (2:1) system (the sample dyed with the addition of phosphoric acid showed no difference in the hue value compared to standard in CMC (2:1) system, but gave the positive ΔH value in CIELab system). The shades of all the test samples were darker than the standard sample. The samples dyed with the addition of formic and oxalic acid were lighter, whereas those dyed with the addition of citric, tartaric, hydrochloric, nitric, sulphuric and phosphoric acid were darker than the standard sample, dyed with the addition of acetic acid. The dyeability obtained with the addition of tartaric acid was the greenest, the darkest than samples obtained with the addition of acetic acid which was the yellowest and the brightest; those obtained with the addition of formic acid was the lightest. For all three coordinates (ΔH, ΔC and ΔL), the highest difference related to the standard sample was obtained with the addition of tartaric acid, and the lowest with the addition of phosphoric acid.
The reasons for these differences are not clear, but it is evident that the presence of different acids in dyebaths infl uences the dyeing process, since remaining dyeing conditions were the same for all samples. One possible explanation is that the presence of different anions in baths slightly affect the adsorption of dyechromophore of dye molecule (changes of polyester knitwear caused by the different anions of used acids). It is possible that some slight changes on fi bre surface (SEM evidences are available, but in this paper we did not provide them (they can be gotten upon the request) took place in the presence of different acids: for example, some of dye molecules may have migrated out from the interior of the fi bres and were then deposited on their surface and grouped in a different manner in the presence of different acids 12 a certain amount of oligomers originating from the polyester fabric may also have deposited on the fi bres surface 1 , depending on the presence of acid. RC washing would be helpful in eliminating these oligomers 9 . Small differences in CIELab coordinates, refl ectance curves and degree of whiteness occurred between the undyed samples treated with the addition of the different acids as well (Table 6, Table 7 , Fig. 4) . It is evident that they also occurred due to the presence of different acid in baths. On the basis of their values, it can be concluded that the reasons for appearance of small differences are not exactly the same as for the colour differences between the dyed samples; perhaps some small differences on fi bres surface occurred as well: some molecules of dispersing agent could adsorb on fi bres surface in the absence of dye and aggregate in a different way in the presence of different acids; the aggregation of oligomers originating from the polyester fabric on fi bres surface could take place in this case. The degree of whiteness of the undyed fi bres is generally lower with the addition of stronger acids. 
CONCLUSION
Formic, citric, oxalic, tartaric, hydrochloric, nitric, sulphuric and phosphoric acid were used for the dyebath pH adjustment in the process of dyeing the polyester knitwear with disperse dye CI Disperse Yellow 60. Colour differences were investigated between the polyester knitwear samples dyed with the addition of acids and the standard sample, dyed with the addition of acetic acid. Small differences in colour appeared between dyed samples with the addition of tested acids and the sample dyed with the addition of acetic acid.
For dyeing polyester knitwear with CI Disperse Yellow 60 by an exhaustion process, acetic acid can be adequately replaced with citric, oxalic, hydrochloric, nitric, sulphuric and phosphoric acid for the dyebath pH value adjustment under the conditions of the investigation
The infl uence of the tested acids used for the optimal dyebath pH value adjustment in dyeing polyester knitwear with CI Disperse Yellow 60 is not signifi cantly different compared to acetic acid. The above acids do not cause any changes in the mechanism of dye fi xing, compared to already known in literature. We did not control the pH change at the end of dyeing.
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